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I. INTRODUCTION 

The Crosley-Avco command r e c e i v e r  model 183114 was o r i g i n a l l y  

developed f o r  t h e  S-15 Gamma Ray S a t e l l i t e  under t h e  superv is ion  

of Marshall  Space F l i g h t  Center ,  Unfortunately,  t h e  round package 

conf igu ra t ion  used, w h i l e  s u i t a b l e  for t h e  p a r t i c u l a r  a p p l i c a t i o n ,  

is somewhat awkward fo r  gene ra l  purpose s a t e l l i t e  useo  Although 

t h e  u n i t  is a good design wi th  proven performance, i t s  package 

des ign  has somewhat l i m i t e d  i t s  widespread use. 

To he lp  correct t h i s  problem, a c o n t r a c t  w a s  l e t  t o  repackage 

t h i s  r e c e i v e r o  The basic design is t h e  same as previous ly  used. 

Some of t h e  components, of course ,  were changed t o  f ac i l i t a t e  t h e  

repackaging i n  t h e  smaller conf igu ra t ion ,  T h i s  r e p o r t  is an 

e v a l u a t i o n  of t h i s  new v e r s i o n  of t h e  Avco command r e c e i v e r  

(Model 184003) 

. 
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I I SPEC IF ICATIONS 

The s p e c i f i c a t i o n s  f o r  t h e  repackaged r e c e i v e r  are (with 

some improvements) similar t o  those  t h a t  were l a i d  ou t  i n  t h e  

r e p o r t  on t h e  o r i g i n a l  S-15 command r e c e i v e r o  B r i e f l y ,  

t hey  are: 

Electrical  

Frequency: 100 - 150 m c ,  f i x e d  tuned 

Input  3: 50 ohms 2 20% 

6 db bandwidth: 36 kc,  & 10% 

60 db Bandwidth: 100 kc; + lo%, -50% 
Image r e j e c t i o n :  2 80 db 

Spurious frequency r e j e c t i o n :  260 db 

Local osci l la tor  s t a b i l i t y :  -12 kc over t h e  temperature  
range 

Audio output  c a p a b i l i t y :  50 mw i n t o  500 ohm load  

Supply vol tage :  +12 v o l t s  It 10% 

Standby c u r r e n t :  less than  10 m a  

Operate c u r r e n t :  less than 20 m a  

Minimum s e n s i t i v i t y  f o r  ope ra t ion  of Avco czcoder: - 01 dbm, 
75% modula- 
t i o n  

modulation 
Minimum RF overload l e v e l  f o r  decoder dropout: -7 dbm, 75% 

( l ) H , K o  Lowery, Command Receiver for Gamma Ray S a t e l l i t e  (S-15), 
Technical  P u b l i c a t i o n  MTP-GW-60-12, Marshall Space F l i g h t  

I Center  , December 1960 
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Mechanical 

S i ze :  3 - 1/2" x 5" 

Weight: approximately 15 ozso  

Vibration: Figure 1 

Acceleration: l O O G ,  thrust  and t w o  transverse axes 
for 5 minutes each, 

-5 Vacuum: 510 mm of Hg for 24 hours a t  35OC 

Temperature range: -2OOC to  +7OoC 
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111. TESTING PROCEDURE 

S e n s i t i v i t y  and AGC 

For measuring t h e  receiver s e n s i t i v i t y ,  t h e  se t -up  shown i n  

f i g u r e  2 w a s  used. The receiver audio output  was loaded wi th  

500 ohms, and t h e  RMS output  vo l t age  w a s  p l o t t e d  ve r sus  RF 

i n p u t  v o l t a g e ,  wi th  t h e  Hewlett-Packard 608D s i g n a l  genera tor  

being modulated wi th  a 3 kc tone.  The s e n s i t i v i t y  was def ined  

as t h a t  RF i n p u t  v o l t a g e  t h a t  produced a 3.1 v o l t  RMS audio 

output  w i th  80% modulation of t h e  s i g n a l  gene ra to r .  The s i g n a l  

p l u s  noise-to-noise r a t i o  was a l so  determined a t  each po in t  by 

measuring t h e  output  no i se  leve l  wi th  t h e  modulation removed and 

comparing i t  wi th  t h e  output  measured under modulated cond i t ions .  

Bandwidth 

The same s e t u p  ( f i g u r e  2) w a s  used for t h i s  t e s t  as w a s  used 

f o r  t h e  s e n s i t i v i t y  measurements except  t h a t  t h e  s i g n a l  genera tor  

w a s  unmodulated and t h e  AGC check p o i n t  v o l t a g e  w a s  measured w i t h  

a d i g i t a l  vo l tmeter ,  The unmodulated RF i n p u t  t o  t h e  r e c e i v e r  

was set t o  a leve l  j u s t  high enough t o  make t h e  AGC f u n c t i o n ,  

The v o l t a g e  a t  t h e  AGC checkpoint was recorded wi th  t h e  frequency 

of t h e  s i g n a l  genera tor  se t  t o  t h e  middle of t h e  pass-band. Then 

t h e  frequency of t h e  s i g n a l  genera tor  w a s  v a r i e d  i n  incremental  

s t e p s  and t h e  inpu t  v o l t a g e  ad jus t ed  t o  b r i n g  t h e  AGC vo l t age  back 

t o  its recorded va lue ,  The change i n  r e q u i r e d  RF inpu t  l e v e l  is  

then t h e  r e l a t ive  change i n  s e n s i t i v i t y  f o r  t h a t  f requency,  A 

s i m i l a r  technique w a s  used t o  check f o r  spur ious  and image responses .  
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Audio frequency response 

The frequency r e s p o n s e d  t h e  d e t e c t o r  and t h e  audio frequency 

ampl i f i e r  s t a g e s m r e  a l so  measured wi th  t h e  s e t u p  i n  f i g u r e  2 ,  

In  t h i s  tes t ,  t h e  R-f i npu t  vo l t age  w a s  se t  t o  an  a r b i t r a r y  va lue  

w e l l  above t h e  noise  l e v e l ,  The frequency of t h e  audio osc i l la tor  

supplying t h e  modulation w a s  then v a r i e d  i n  s t e p s  and t h e  r e c e i v e r  

de t ec t ed  audio output  w a s  p l o t t e d  f o r  t h e s e  f requencies ,  

Temperature 

T e s t s  t h a t  were performed a t  o the r  than room temperature 

were made w i t h  t h e  r e c e i v e r  i n s i d e  a D e l t a  model 060A temperature 

chamber using l i q u i d  C 0 2  for cool ing.  

a t  each temperature  s e t t i n g  f o r  t h e  r e c e i v e r  t o  s t a b i l i z e  a t  t h a t  

S u f f i c i e n t  t i m e  w a s  allowed 

s e t t i n g  , 

V i  b r a  t i  on 

Vib ra t ion  tests were made under power by Goddard's T e s t  and 

Evalua t ion  Div is ion  us ing  t h e  s p e c i f i c a t i o n  shown i n  f i g u r e  3, 

This  test was a t y p i c a l  one f o r  t h e  Thor-Delta v e h i c l e  and w a s  

s l i g h t l y  more severe a t  c e r t a i n  f r equenc ie s  than t h e  requirements 

o r i g i n a l l y  l a i d  down, 
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IV PERFORMANCE 

S e n s i t i v i t y  and AGC 

Measured curves  of t h e  de t ec t ed  output  from t h e  r e c e i v e r  

p l o t t e d  a g a i n s t  t h e  r-f i npu t  l e v e l s  are shown i n  f i g u r e  4 f o r  

80% and 20% modulation. The s e n s i t i v i t y  is a r b i t r a r i l y  def ined  

as t h a t  RF inpu t  r e q u i r e d  t o  produce 12,5 mw ( 3 , l  v o l t s  RMS) of 

audio ou tpu t  wi th  80% modulation. A decoder can be s e t  t o  t r i p  

r e l i a b l y  a t  t h i s  l e v e l  and it  w i l l  then n o t  t r i p  under any 

cond i t ions  w i t h  20% modulation, 

s i b i l i t y  of a c c i d e n t a l  commands, F igu re  5 shows how t h e  AGC 

curve  is e f f e c t e d  by a &lo% change i n  supply v o l t a g e ,  

i l l u s t r a t e s  t h e  way i n  which t h e  signal-plus-noise-to-noise 

Th i s  cond i t ion  reduces t h e  pos- 

F igu re  6 

r a t i o  depends on t h e  RF inpu t  v o l t a g e ,  N o  s i g n i f i c a n t  spu r ious  

responses  were found, 

I .F , Bandwidth 

The IF bandwidth of t h e  r e c e i v e r  is determined by t h e  c r y s t a l  

f i l t e r .  All other  R F  and IF tuned c i r c u i t s  are broad enough t h a t  

t hey  have n e g l i g i b l e  effect on t h e  o v e r a l l  bandwidth, U s e  of a 

c r y s t a l  f i l t e r  i n s u r e s  a s t a b l e  bandpass t h a t  is e s s e n t i a l l y  

una f fec t ed  by AGC, temperature ,  and supply  v o l t a g e  v a r i a t i o n s ,  

S t eep  s k i r t s  on t h e  bandpass p l o t  are another  b e n e f i t  from t h e  

c rys ta l  f i l t e r ,  y i e l d i n g  a 60 db form factor t h a t  is approximately 
Tali 

3:1, A p l o t  of t h e  r e c e i v e r  bandpass is shown i n  f i g u r e  7 ,  

Audio Bandwidth 

The frequency response of t h e  audio  frequency c i r c u i t s  is 

p l o t t e d  i n  f i g u r e  80 The lower and upper -3 db p o i n t s  on t h e  

curve  are a t  800 cps  and 10 kc r e s p e c t i v e l y ,  S ince  t h e  maximum 
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usab le  modulation frequency is approximately 10 kc,  and t h e  I . F .  

bandwidth is 36 kc ,  t h e  IF passband has an e x t r a  8 kc of bandwidth 

on each s i d e  of c e n t e r  frequency t o  allow f o r  d r i f t  of t h e  

r e c e i v e r  local osc i l la tor  and command t r a n s m i t t e r ,  and f o r  

doppler s h i f t .  

Temperature e f f e c t s  

The e f f e c t  of temperature  on t h e  s e n s i t i v i t y  of t h e  r e c e i v e r  

is  shown i n  f i g u r e  9,  The s e n s i t i v i t y  v a r i e s  about 4 db over 

t h e  range -2OOC t o  +70°C0  The DC power d r a i n  is a l s o  somewhat 
l a f u n c t i o n  of temperature and is p lo t ted  i n  f i g u r e  10 for con- 

d i t i o n s  of no s i g n a l ,  and f o r  500 pv i npu t  with 80% modulation. 

With a 100% modulated s i g n a l  i npu t ,  t h e  power requirement 

i n c r e a s e s  s l i g h t l y  over t h a t  shown i n  f i g u r e  10 ,  reaching  a 

maximum of 1 9  m a  a t  +70°C0  

The effect  of temperature  on t h e  c e n t e r  frequency of t h e  
I r e c e i v e r  is not  e a s i l y  measured s i n c e  t h e  frequency d r i f t  is 

s m a l l  compared t o  t h e  bandwidth and t h e  local osc i l la tor  cannot 

I be convenient ly  measured d i r e c t l y .  The d r i f t  does appear t o  be 

w i t h i n  t h e  range s p e c i f i e d .  

Mechanical Cons t ruc t ion  

The cons t ruc t ion  of t h e  r e c e i v e r  package is i l l u s t r a t e d  i n  

f i g u r e s  11 through 17. The u n i t  is composed of i n d i v i d u a l  modules, 

most of which use a "cordwood" type  of packaging, The p r i n t e d  

c i r c u i t  boards f o r  t h e s e  modules are good q u a l i t y  f i b e r g l a s s ,  

and each module is p o t t e d  s e p a r a t e l y  i n  "eccofoam" (made by 

. Emerson and Cummings) be fo re  they are so lde red  i n t o  t h e  c i r c u i t ,  
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, 

The except ions  t o  t h i s  cons t ruc t ion  technique are t h e  McCoy 

c r y s t a l  f i l t e r ,  t h e  RF f i l t e r  assembly, and t h e  power connector 

module , 

Shie ld ing  for  t h e  modules is provided by s o l d e r i n g  f o i l  

s h i e l d s  d i r e c t l y  t o  t h e  p r i n t e d  c i r c u i t  in te rconnec t ion  card, 

The u n i t s  are then completely s h i e l d e d  between t h e  f o i l  s h i e l d s  

and t h e  ground p lane  on t h e  in t e rconnec t ion  card, The s h i e l d s  

have a t h i n  i n s u l a t i n g  l aye r  of t r anspa ren t  material on t h e  

i n s i d e  and an i n s u l a t i n g  s t r i p  is put  on t h e  t o p  and bottom of 

t h e  modules t o  prevent  shor t s  t o  t h e  components or boards,  

The modules are both  screwed and glued t o  t h e  bottom 

cover of t h e  package, This  cover (and t h e  t o p  cover)  are 

laminated metal s h e e t s  t h a t  are supposed t o  have a l o w  mechanical 

"Q'' and t h e r e f o r e  suppress  v i b r a t i o n  resonance, The body of t h e  

case is cast aluminum. Spacers of a f l e x i b l e  material are glued 

t o  t h e  t o p  of t h e  module s h i e l d i n g  and are compressed by t h e  t o p  

cover t o  prevent  t h e  u n i t  from moving w i t h i n  t h e  case, 

Components 

Good q u a l i t y  components seem t o  have been used throughout,  

as can be seen from t h e  p a r t s  l ist  ( f i g u r e  19) ,  The inductors  

and broad band IF t ransformers  are wound on t o r o i d a l  cores, The 

RF co i l s  have a i r  cores and are made of heavy w i r e ,  JFD p i s t o n  

trimmer c a p a c i t o r s  are used f o r  tuning adjustments ,  
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Figure  18 
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